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(57) Abstract: Procedure for controlling the useful life of the gas turbines of 
a plant by means of a production plant (10) equipped with a series of produc- 
tion trains (15) and an auxiliary gas generator group (40). Each production 
train (15) is in turn equipped with a series of gas turbine groups (20), each of 
which in turn includes a gas generator. The procedure comprises the follow- 
ing phases: a) creating a succession (20' 20", 20'" ... ) of gas generator groups 
of gas turbines (20) to be subjected to maintenance; b) substituting the first 
gas generator group of gas turbines (20*) of the succession (20' , 20" , 20'" . 
. .) with the auxiliary gas generator group (40), to keep the production plant 
(10) functioning almost continuously; c) controlling the first substituted gas 
generator group of gas turbines (20 5 ), by subjecting it to ordinary maintenance 
operations; d) substituting the second gas generator group of gas turbines (20") 
of the succession (20' , 20" , 20"' . . . ) with the first controlled gas generator 
group of gas turbines (20 5 ); e) controlling the second substituted gas generator 
group of gas turbines (20"), by subjecting it to ordinary maintenance opera- 
tions; f) repeating said phases b), c) d) and e) for all the gas generator groups 
of gas turbines (20) of the succession (20' , 20" , 20"' . . .) until all the gas 
generator groups of the gas turbines (20) of the plant (10) have been subjected 
to control and maintenance. 
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PROCEDURE FOR CONTROLLING THE USEFUL LIFE OF THE GAS TUR- 
BINES OF A PLANT 

The present invention relates to a procedure for 
controlling the useful life of the gas turbines of a 
plant . 

In particular, the present invention relates to a 
procedure suitable for optimizing the useful life of gas 
turbines used in plants such as, for example, thermo- 
electric stations, refineries and plants for the produc- 
tion of liquefied gas. 

For the pure sake of descriptive simplicity the pre- 
sent invention refers to a plant for the production of 
liquefied gas without restricting the generality of the 
invention itself. 

Production plants for the liquefaction of natural 
gas currently use several production trains, each con- 
sisting of two or three groups of gas turbines. 

Each gas turbine group is, in turn, made up of a se- 
ries of gas turbines, and can produce by compressing 
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natural gas . 

The gas turbines which form these groups are called 
"heavy duty'' gas turbines and are specifically designed 
and manufactured for industrial use. 
5 Heavy duty gas turbines have a solid, strong struc- 

ture which are highly reliable for the plant. 

Heavy duty gas turbines are machines which comprise 
a compressor connected by a rotating shaft to a turbine 
with one or more steps, and where a combustion chamber is 
10 envisaged between the compressor and the turbine. 

These gas turbines are distinguished by their con- 
siderable weight which greatly conditions maintenance op- 
erations, making them onerous in terms of both cost and 
time . 

15 Due to the high reliability of these machines, the 

most importance maintenance relates to ordinary opera- 
tions, extraordinary maintenance interventions of the 
production plant are, in fact, considerably reduced 
thanks to their great reliability. 

2 0 More specifically, ordinary maintenance comprises 

both normal inspection phases of the functioning state of 
each turbine, and also dismantling phases of the gas tur- 
bines, in which worn parts or components during the plant 
functioning, are substituted. 

2 5 The current dismantling phase of the gas turbines of 
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a production train causes a considerable reduction in the 
plant productivity. 

Due to the structural complexity of the plant, it is 
in fact necessary to stop the whole production train to 
5 be subjected to maintenance and effect the maintenance of 
all the gas turbines of said train. 

The overall plant production is therefore reduced by 
a quantity equal to the daily production of the train 
multiplied by the number of days necessary for the entire 

10 maintenance of the train. 

Another disadvantage of the known procedures and 
production plants is that the production on each train is 
further reduced by the set up times necessary for bring- 
ing the train back to regime . 

15 Furthermore, by using the known heavy duty gas tur- 

bines, the dismantling operations to effect the mainte- 
nance of the single turbine are difficult and onerous, 
both in terms of cost and time, as a specific result, as 
mentioned above, of their weight and hindrance. 

2 0 This means that the maintenance times are high and 

consequently the stoppage of a whole train for mainte- 
nance represents a great loss in the plant productivity. 

An objective of the present invention is to provide 
a procedure for controlling the useful life of the gas 

2 5 turbines of a plant, which is simple and economical and 
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which allows the plant productivity to be increased, at 
the same time maintaining the same guarantees and reli- 
ability . 

Yet another objective of the present invention is to 
5 provide a procedure for controlling the useful life of 
the gas turbines of a plant which reduces the interrup- 
tion times of the production, necessary for effecting or- 
dinary maintenance operations. 

These and other objectives according to the present 
10 invention are achieved by providing a procedure for con- 
trolling the useful life of the gas turbines of a plant 
as specified in claim 1. 

Further characteristics of the invention are illus- 
trated in the subsequent claims. 
15 Substantially, a procedure for controlling the use- 

ful life of the gas turbines of a plant by means of a 
production plant comprising a series of production trains 
and an auxiliary group of gas turbines, wherein each pro- 
duction train is equipped with a series of groups of gas 
2 0 turbines for liquefying gas, by compression, according to 
the present invention, is characterized in that it com- 
prises the following steps : 

a) creating a succession of groups of gas turbines to be 
subjected to maintenance ; 
25 b) substituting the first group of gas turbines of the 
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succession with the auxiliary group of gas turbines, to 
keep the production plant functioning almost continu- 
ously; 

c) controlling the first group of gas turbines substi- 
5 tuted in the previous phase, by subjecting it to ordinary 

maintenance operations; 

d) substituting the second group of gas turbines of the 
succession with the first controlled group of gas tur- 
bines ; 

10 e) controlling the second group of gas turbines substi- 
tuted in the previous phase, by subjecting it to ordinary 
maintenance operations; 

f ) repeating said phases b) , c) d) and e) for all the 
groups of gas turbines of said succession until all the 
15 groups of the gas turbines of the plant have been sub- 
jected to control and maintenance. 

According to an advantageous aspect of the present 
invention, during the substitution operations of the 
groups of gas turbines, only the group of gas turbines to 
20 be substituted is stopped from production. 

According to another advantageous aspect of the pre- 
sent invention, during the substitution operations of the 
gas turbine groups, the group to be substituted to be 
subjected to control is only stopped for the minimum time 
25 necessary for effecting the substitution of the group. 

5 
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According to a preferential aspect of the present 
invention, the production plant comprises four production 
trains . 

According to another preferential aspect of the pre- 
5 sent invention, each production train of the series of 
trains comprises two groups of gas turbines for liquefy- 
ing gas, by compression/cooling. 

The characteristics and advantages of a procedure 
for controlling the useful life of the gas turbines of a 
10 plant according to the present invention will appear more 
evident from the following illustrative and non-limiting 
description, referring to the enclosed schematic draw- 
ings, in which: 

figure 1 is a schematic view of a liquefied gas pro- 
15 duction plant, at the moment the procedure is started; 

figure 2 is a schematic view of the plant of figure 
1 wherein, according to the present invention, the first 
group of gas turbines of the first train has been substi- 
tuted with the auxiliary group of gas turbines and sent 
2 0 for control; 

figure 3 is a schematic view of the plant of figure 
1, wherein, according to the present invention, the group 
of gas turbines substituted in figure 2 has been con- 
trolled and substitutes the second group of gas turbines 
2 5 of the first train, the latter having been sent for con- 
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trol ; and 

figure 4 is a schematic view of the plant of figure 
1. wherein, according to the present invention, all the 
groups of gas turbines have been controlled and subjected 
5 to maintenance ; 

figure 5 is a schematic view of a gas turbine. 
With reference to figures 1-4, these show a produc- 
tion plant 10 for the production of liquefied gas. 

According to the present invention, reference is 
10 made, in particular, to a procedure for controlling the 
useful life of the gas turbines of a production plant 10 
equipped with four production trains 15. 

Each production train 15, in turn, consists of a se- 
ries of gas turbines 2 0 suitable for liquefying gas, by 
15 compression/ cooling. 

In the preferred embodiment of the present invention 
illustrated in figures 1-4, each train of gas turbines 15 
comprises two groups of gas turbines 20. 

The groups of gas turbines 20, are equipped with a 
2 0 series of gas turbines 3 0 and require a first time Tl for 
effecting ordinary maintenance and assembly operations of 
the gas generators themselves . 

Again in the preferred embodiment illustrated in 
figures 1 to 4 , each group of gas turbines 20 comprises 
25 three gas turbines. 
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The production plant 10 also comprises an auxiliary 
group of gas turbines 40, which is installed and acti- 
vated in the production plant 10 to maximize, as illus- 
trated below, the production and reduce the stoppage 
5 times of the plant. 

Gas turbines are machines which comprise a compres- 
sor 30 connected to a turbine 33, and wherein a combus- 
tion chamber 32 is positioned between the compressor 3 0 
and the turbine 33. 
10 Air from the outside environment is fed to the com- 

pressor 30 to bring it under pressure. 

The pressurized air is conveyed to the combustion 
chamber 32 through suitable ducts, where the fuel, neces- 
sary for producing combustion, is fed, by means of one or 
15 more injectors, from a pressurized network, the purpose 
of said combustion being to cause an increase in the tem- 
perature and gas enthalpy. 

The high temperature and high pressure gas reaches, 
through suitable ducts, the various stages of a power 
20 turbine 34, which transforms the gas enthalpy into me- 
chanical energy available for a user. 

The combustion gases are then discharged into the 
atmosphere through a discharge outlet 36. 

Each gas turbine 2 0 comprises a gas generator (50) 
2 5 downstream of which there are the power stages. 
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The gas generator (50) comprises the compressor 30, 
the combustion chamber 32 and the turbine 3 3 . 

The procedure for controlling the useful life of the 
gas turbines of a plant, according to the present inven- 
5 tion, comprises the following phases: 

first of all, a succession is created (20', 20'', 
20'''...) of groups of gas turbines (20) to be subjected 
to maintenance, in other words, the succession estab- 
lishes the order in which the gas turbine groups 20 of 
10 the plant 10 are to be subjected to maintenance, see fig- 
ure 1 . 

At the beginning of the procedure, the gas generator 
group of the first group of gas turbines (20') of the 
succession (20' , 20 '', 20 '''...), is substituted with the 
15 auxiliary gas generator group (40) , as illustrated in 
figure 2, so as to keep the production plant (10) func- 
tioning almost continuously. 

The first substituted gas generator group of gas 
turbines (20')/ is controlled, effecting ordinary mainte- 
20 nance operations. 

The sending of the gas generator group of gas tur- 
bines 20' for control is indicated by the continuous line 
in figure 2 . 

At the end of the maintenance operations on the gas 
25 generator group of gas turbines 20', the latter substi- 
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tutes the second gas generator group of gas turbines 20'' 
of the succession 20', 20' ' , 20'''... The discontinuous 
dashed line in figure 2 indicates the destination of the 
gas generator group of gas turbines 20 ' at the end of the 
5 control . 

In other words, the first gas generator group of gas 
turbines (20')/ at the end of the ordinary maintenance 
operations, substitutes the second gas generator group of 
gas turbines {20''), without further stoppages or periods 
10 of non-use. 

The gas generator group of gas turbines 2 0'', re- 
moved from the first train 15, is sent for control, as 
indicated by the continuous dashed line in figure 3, thus 
effecting normal ordinary maintenance operations also on 
15 this group. 

At this point, the gas generator group of gas tur- 
bines 20 '', controlled and subjected to maintenance, im- 
mediately substitutes the gas generator group of gas tur- 
bines 20''', and so on. 
2 0 In other words, the procedure is repeated until all 

the gas generator groups of gas turbines 2 0 of the plant 
10 have been controlled, as shown in figure 4. 

Each gas generator group of gas turbines 2 0 will 
therefore be functioning in the production plant 10 or 
2 5 undergoing ordinary maintenance operations. 



WO 2005/052341 



PCT/EP2004/013403 



Each gas generator group comprises at least one gas 
generator . 

Each gas generator group preferably comprises at 
least a number of gas generators equal to the number of 
5 gas turbines present in the group of gas turbines. 

The time which passes between the maintenance of a 
gas generator group of gas turbines 2 0 and its assembly 
in a production train 15, substituting another gas gen- 
erator group of gas turbines 2 0 to be controlled, repre- 
10 sents a loss in the- productivity of the production plant 
10 . 

According to the present invention, at the end of 
the ordinary maintenance operations, a gas generator 
group of gas turbines 2 0 to be controlled, immediately 
15 substitutes a subsequent gas generator group to be sub- 
jected to control. 

The controlling of a gas generator group of gas tur- 
bines 20 requires an average first time Tl . 

The first time Tl also includes the dismantling and 
2 0 assembly time of the controlled gas generator group of 
gas turbines 20, on a production train 15. 

Each gas generator group of the gas turbines 2 0 must 
be subjected to control, i.e. ordinary maintenance opera- 
tions, at the most within a second time T2 pre- 
2 5 established in relation to the type of turbine and func- 
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tioning conditions of the plant. 

The procedure according to the present invention 
maximizes the productivity minimizing the average time Tm 
which passes between the end of the control of a gas gen- 
5 erator group of gas turbines 20 and the moment in which 
said gas generator group of gas turbines 20, substitutes 
another gas generator group of gas turbines 20 of the 
plant 10. 

Tm therefore represents the stoppage time of a gas 
10 generator group of gas turbines 20 and is consequently an 
index of the plant productivity losses. 

The total time lost Tp is therefore equal to the 
difference between the second time T2 and the product of 
the first time Tl multiplied by the total number of gas 
15 turbine groups 20 of the plant 10. 

In other words, expressed as the mathematical for- 
mula Tp=T2-(Tl-n) 

wherein n is the total number of gas turbine groups 20 of 
the plant 10. 

20 The average time Tm is therefore equal to the total 

time lost Tp divided by the total number (n) of gas tur- 
bine groups 20 of the production plant 10. 

In other words, expressed as the mathematical for- 
mula Tm=Tp/n. 

25 The procedure for controlling the useful life of the 
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gas turbines of a plant also advantageously envisages an 
increase in the useful life of the gas turbines them- 
selves . 

It can thus be seen that a procedure for controlling 
5 the useful life of the gas turbines of a plant, according 
to the present invention, achieves the objectives speci- 
fied above . 

Numerous modifications and variants can be applied 
to the procedure for controlling the useful life of the 
10 gas turbines of a plant, thus conceived, all included in 
the same inventive concept. 
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CLAIMS 

1, A procedure for controlling the useful life of the 
gas turbines of a plant by means of a production plant 
(10) comprising a series of production trains (15) and an 
5 auxiliary gas generator group (40) , each production train 
of said series of trains (15) being in turn equipped with 
a series of gas turbine groups (2 0) , each of which in 
turn includes a gas generator, characterized in that it 
comprises the following phases : 
10 a) creating a succession (20' , 20'', 20 ' ''...) of gas 
generator groups of gas turbines (20) to be subjected to 
maintenance ; 

b) substituting the first gas generator group of gas tur- 
bines (20') of said succession (20', 20 '', 20'''...) with 

15 said auxiliary gas generator group (40) , to keep the pro- 
duction plant (10) functioning almost continuously; 

c) controlling the first substituted gas generator group 
of gas turbines (20'), by subjecting it to ordinary main- 
tenance operations ; 

2 0 d) substituting the second gas generator group of gas 
turbines (20'') of said succession (20', 20'', 20'''...) 
with said first controlled gas generator group of gas 
turbines (20 ' ) ; 

e) controlling the second substituted gas generator group 
25 of gas turbines (20''), by subjecting it to ordinary 
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maintenance operations ; 

f ) repeating said phases b) , c) d) and e) for all the gas 
generator groups of gas turbines (2 0) of said succession 
(20', 20' ' , 20' ''...) until all the gas generator groups 
5 of the gas turbines (20) of said plant (10) have been 
subjected to control and maintenance. 

2. The procedure for controlling the useful life of the 
gas turbines of a plant according to claim 1, character- 
ized in that during the substitution phases of the gas 

10 generator groups of gas turbines of said succession, only 
the group of gas turbines (2 0) to be substituted is 
stopped . 

3. The procedure for controlling the useful life of the 
gas turbines of a plant according to claim 1 or 2 , char- 

15 acterized in that during the substitution operations of 
said gas generator groups of gas turbines (2 0) , the group 
to be substituted is only stopped for the minimum time 
necessary for effecting the substitution. 

4. The procedure for controlling the useful life of the 
2 0 gas turbines of a plant according to any of the previous 

claims, characterized in that at the end of phase c) , the 
first controlled gas generator group of gas turbines 
(20') substitutes the second gas generator group of gas 
turbines (20 ' ' ) . 
25 5. The procedure for controlling the useful life of the 
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gas turbines of a plant according to any of the previous 
claims , characterized in that said production plant (10) 
comprises four production trains (15) . 

6. The procedure for controlling the useful life of the 
5 gas turbines of a plant according to any of the previous 

claims , characterized in that each production train of 
said series of trains (15) comprises two groups of gas 
turbines (20) for liquefying gas, by compression/cooling. 

7 . The procedure for controlling the useful life of the 
10 gas turbines of a plant according to any of the previous 

claims, characterized in that each gas generator group 
comprises at least a number of gas generators equal to 
the number of gas turbines present in the group of gas 
turbines . 

15 8. The procedure for controlling the useful life of the 
gas turbines of a plant according to claim 7, character- 
ized in that said gas turbine (20) is a "heavy duty" gas 
turbine . 

9. The procedure for controlling the useful life of the 
20 gas turbines of a plant according to claim 1, character- 
ized in that said gas generator comprises a power turbine 
(34) and a discharge outlet 36. 
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Fig. 5 



